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(57) ABSTRACT 

A method and a rock drilling apparatus for drilling holes in 
rock according to a predetermined drilling plan. The method 
comprises measuring the location of each hole in the rock by 
inserting a measuring device into the hole, and calculating 
the deviation of the end of the measured hole from the 
location determined in the drilling plan. The rock drilling 
apparatus comprises a measuring device that can be inserted 
into a drill hole, and means for transferring the measurement 
values measured by the measuring device to control means 
of the rock drilling apparatus. 

19 Claims, 3 Drawing Sheets 
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METHOD AND ROCK DRILLING 
APPARATUS FOR CONTROLLING ROCK 

DRILLING 

The present application is a continuation of International 
Application No. PCT/FI99/01020, ?led Aug. 12, 1999, 
Which Was published in English, and Which claims priority 
to FI982676, ?led in Finland on Dec. 10, 1998. 

The invention relates to a method for controlling rock 
drilling, in Which method holes are drilled in rock according 
to a predetermined drilling plan, Which determines the 
length and position of each hole With respect to the other 
holes in the rock to be drilled in a three-dimensional 
coordinate system. 

The invention also relates to a rock drilling apparatus for 
drilling holes in rock according to a predetermined drilling 
plan, the apparatus comprising drilling means for drilling 
holes in rock, and control means for positioning the drilling 
means at each hole to be drilled and correspondingly for 
drilling a hole automatically according to said drilling plan. 

It is previously knoWn to use different types of measuring 
devices for measuring the deviation of a drill hole. The 
operation of such measuring devices is usually based on a 
compass, gravitation, inertia or any combination thereof. 
This type of measuring devices have been used especially in 
oil drilling technology for checking the direction of a drill 
hole and also for locating a hole. A problem With these 
measuring devices has been that the measurement is sloW 
and the devices are large. Therefore, it has not been possible 
to use measurement of drill hole deviation or the measure 
ment data for controlling drilling in ground excavation 
during rock drilling, nor for controlling the charging occur 
ring after the drilling. When holes are drilled in rock 
especially during the excavation of tunnels or blasting of the 
material to be excavated, the accuracy of the drilling has 
become more and more important. Especially When drilling 
long holes, it is rather common that a hole becomes curved 
and the actual end of the hole is located rather far from the 
intended end position. Accordingly, the breakage of 
material, the orientation of a tunnel and other factors take 
place uneconomically and they may cause additional Work 
and costs. 

What is essential for the ?nal result of the blasting is that 
the deviation of the drill hole and especially the location of 
the ends of the holes and therefore the relation of the hole 
ends With respect to one another must be knoWn as accu 
rately as possible in order that the blasting could be imple 
mented in a desired manner. The purpose of the present 
invention is to provide a method and an apparatus Which 
enable effective, accurate and rapid implementation of mea 
surements and Which also make it possible to change a 
predrafted drilling plan during the drilling, if required. 

The method according to the invention is characteriZed 
by measuring at least the actual location of the end of at least 
predetermined drill holes in the rock by inserting or loWer 
ing into the drill hole a measuring device, Which indicates its 
current location With respect to the rock in the three 
dimensional coordinate system, calculating the deviation of 
the end of the measured hole from the location of the end 
determined in the drilling plan, and changing the drilling 
plan according to the calculated deviation. 

The rock drilling apparatus according to the invention is 
characteriZed in that it comprises a measuring device that 
can be inserted or loWered into a drill hole, and feeding 
means for inserting or loWering the measuring device into 
the drill hole and for pulling it out of the hole, and trans 
ferring means for transferring the measurement values mea 
sured by the measuring device to the control means. 
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2 
The basic idea of the invention is that a measuring device 

is inserted into a drill hole in order to measure at least the 
location of the hole end With respect to the rock in a 
three-dimensional coordinate system so as to determine the 
position of the hole end compared to the original drilling 
plan and thus With respect to the other holes. 

Another basic idea of the invention is that the measure 
ment result of the measuring device can be used, if required, 
to change the drilling plan of one or several successive holes 
or even to drill extra holes. A preferred embodiment of the 
invention comprises a separate feeding device With Which an 
inertia measuring device is inserted into a drill hole directly 
after the drilling so that a measurement result is obtained 
immediately before the drilling apparatus is moved to the 
drilling point of the next hole, and required changes can be 
made before the drilling is started. According to another 
preferred embodiment of the invention, the measuring 
device is placed at the end of a feed hose that does not bend 
While it is pushed, so that the measuring device can be 
inserted into the hole and pulled out of it easily by using 
suitable mechanical feeding means for feeding the hose into 
the hole and for pulling it therefrom. According to a third 
preferred embodiment of the invention, the measuring 
device is fed into the hole simultaneously With the drill bit 
and the measurement is thus carried out simultaneously With 
the drilling. According to a fourth preferred embodiment of 
the invention, the measuring device is an inertia measuring 
device, Which is inserted into the drill hole at such a speed 
that a reliable measurement result is obtained. Thus, if the 
initial point of the drill hole is knoWn, it is possible to 
measure reliably the location of the hole end and, if required, 
the shape and direction of the hole continuously along the 
entire length of the hole. 

The invention has an advantage that it enables 
measuring, simply and rapidly, the ?nal location of the end 
of a drilled hole and also the shape and position of the entire 
hole. If required, it is thus possible to change the drilling 
plan so that the holes can be located suitably With respect to 
one other for the blasting. Depending on the application, the 
end of the drill hole may refer to only the ?nal end of the 
hole or to a predetermined length of the hole from the hole 
end toWards the beginning thereof. The invention is easy to 
implement and automate, so that the operator does not have 
to make any special calculations, but an automatic control 
system attends to the operation of the apparatus automati 
cally. 

The invention Will be described in greater detail in the 
accompanying draWings, in Which 

FIG. 1 shoWs schematically a rock drilling apparatus, 
FIGS. 2a to 2c shoW schematically implementation of 

the method according to the invention in measuring a hole, 
FIG. 3 shoWs schematically application of the method 

according to the invention for changing a drilling plan, 
FIGS. 4a and 4b shoWs schematically a positioning 

device for positioning a drill bit and a measuring device at 
a drill hole , and 

FIG. 5 schematically shoWs a rock drilling apparatus 
including a cable extending through a hose for connecting a 
measuring device to a control device. 

FIG. 1 shoWs schematically a rock drilling apparatus 
intended for drilling a hole in rock. The rock drilling 
apparatus comprises a carrier 1 to Which a boom 2 is 
connected in a manner knoWn per se, the boom being 
preferably turnable With respect to the carrier 1 in different 
positions in a knoWn manner. The end of the boom 2 aWay 
from the carrier is provided With a drilling device in a 
manner knoWn per se. The drilling devices are knoWn per se, 



US 6,460,630 B2 
3 

Wherefore they Will be described generally below. At the end 
of the boom 2 there is a feeding beam 3 of the rock drilling 
apparatus, connected to the boom either directly or via a 
separate cradle structure or the like that is knoWn per se. A 
rock drilling machine 4 moves along the feeding beam 
during the drilling. The rock drilling machine 4 is in turn 
connected to a drill rod 5, the end of Which is provided With 
a drill bit 6. When longer holes are drilled, the drill rod 5 
usually consists of extension rods that are connected 
together in order to drill a hole that is longer than the mere 
feeding length of the feeding device. The ?gure further 
shoWs a reel 8 of a device 7 for feeding the measuring 
device, and control means 9 for controlling the ?exible 
feeding device, Which is preferably a feed hose that can be 
pushed Without bending. 

When such an apparatus is used to drill holes in rock, 
both excavation of a tunnel and ore extraction and rock 
excavation employ predrafted drilling patterns that deter 
mine the holes required for blasting and the location of the 
holes With respect to each other in the rock. Also, especially 
in tunnel excavation it is sometimes necessary to drill grout 
holes around the projected tunnel pro?le before the 
excavation, so that cement or some other sealing material 
can be pumped into the holes to prevent leakages. The grout 
holes are also drilled according to a predetermined drilling 
plan or drilling pattern, Which determines the holes and the 
positions thereof With respect to one another. 

This can be carried out mathematically in different Ways, 
Which often include determining the initial points of the 
holes as Well as their direction and distance from a certain 
plane, or the location of the end of a hole With respect to the 
rock in a three-dimensional coordinate system. Presently, the 
drilling is often carried out automatically, Which means that 
the control means of the drilling apparatus comprise a 
computer Where the drilling plan is stored. Thus, the position 
of the drilling apparatus With respect to the rock is de?ned 
such that the computer can automatically implement the 
drilling of the holes in a suitable order on the basis of the 
drilling plan. 

FIG. 2c shoWs hoW the measuring device 11 is inserted 
into the hole 10 at a suitable speed, so that as the device 
moves it stores its location de?ned in a certain manner in the 
three-dimensional coordinate system, Where the drilling plan 
is also determined With respect to the rock. The measuring 
device 11 can be arranged, for example, to store its location 
at predetermined intervals, for instance at intervals of 1 to 2 
seconds. Accordingly, When the feed hose 7 is inserted at a 
constant speed, the position of the inertia measuring device 
is obtained as a function of the length of the drill hole 10 
from the beginning of the hole. When the location of the 
measuring device at the beginning of the hole is knoWn, it 
is possible to measure the shape of the hole and to corre 
spondingly determine the position of the hole With respect to 
the rock in the three-dimensional coordinate system and thus 
With respect to the drilling pattern. The measuring device 
can also be arranged to input data about its location non 
stop, Which results in a signal that continuously indicates the 
shape of the curve. In this embodiment, the measuring 
device can be used for example in such a Way that it operates 
With its oWn poWer source and stores the readings in its 
memory While it is inserted into the hole. In such a case, the 
data stored in the memory must be transferred to the control 
unit of the rock drilling apparatus for example via a radio 
path or in some other manner, preferably by a Wireless 
communication system. Alternatively, as seen in FIG. 5, the 
measuring device 11 can be connected directly to the control 
unit 18 of the rock drilling apparatus by a cable 17 passing 
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4 
through the feed hose, so that the measurement values 
provided by the device are transmitted directly to the control 
unit, Which may 

FIG. 2c shoWs hoW the measuring device 11 is inserted 
into the hole 10 at a suitable speed, so that as the device 
moves it stores its location de?ned in a certain manner in the 
three-dimensional coordinate system, Where the drilling plan 
is also determined With respect to the rock. The measuring 
device 11 can be arranged, for example, to store its location 
at predetermined intervals, for instance at intervals of 1 to 2 
seconds. Accordingly, When the feed hose 7 is inserted at a 
constant speed, the position of the inertia measuring device 
is obtained as a function of the length of the drill hole 10 
from the beginning of the hole. When the location of the 
measuring device at the beginning of the hole is knoWn, it 
is possible to measure the shape of the hole and to corre 
spondingly determine the position of the hole With respect to 
the rock in the three-dimensional coordinate system and thus 
With respect to the drilling pattern. The measuring device 
can also be arranged to input data about its location non 
stop, Which results in a signal that continuously indicates the 
shape of the curve. In this embodiment, the measuring 
device can be used for example in such a Way that it operates 
With its oWn poWer source and stores the readings in its 
memory While it is inserted into the hole. In such a case, the 
data stored in the memory must be transferred to the control 
unit of the rock drilling apparatus for example via a radio 
path or in some other manner, preferably by a Wireless 
communication system. Alternatively, the measuring device 
can be connected directly to the control unit of the rock 
drilling apparatus by a cable passing through the feed hose, 
so that the measurement values provided by the device are 
transmitted directly to the control unit, Which may continu 
ously monitor and change the drilling plan of the next drill 
hole(s), if required. The measuring device can also be fed all 
the Way to the drill bit via a drilling pipe. 

The inertia measuring device used according to a pre 
ferred embodiment of the invention is knoWn per se. When 
the device is employed in the three-dimensional coordinate 
system, it is based on three gyroscopic discs placed perpen 
dicularly With respect to one other and rotating around an 
axis. The discs are used to accurately measure the accelera 
tion and speed of motion of the measuring device in different 
directions. The essential feature of the measurement is that 
the speed of motion from the starting point is suf?ciently fast 
in the drill hole during the measurement, so that changes can 
be measured accurately enough. Such devices are commer 
cially Widely available and they are generally knoWn, Where 
fore they Will not be described in greater detail herein. 

FIG. 3 shoWs schematically hoW the drilling plan can be 
changed by means of the measuring method and device 
according to the invention. The ?gure shoWs With solid lines 
a preliminary drilling plan Which includes holes 12a to 12f 
that are to be drilled on the same plane, one solid line 
corresponding to one planned hole. FIG. 3 further shoWs 
With thick broken lines 13a to 13c the holes that have 
actually been drilled, Whereas thin broken lines 12d‘ and 126‘ 
shoW the places of the neW holes according to the drilling 
plan changed in accordance With the measurement of the 
drilled holes. 

As shoWn in the ?gure, the drilled holes 13b and 13c are 
curved and their ends are situated rather close to one another. 
Correspondingly, in order that it Would not be necessary to 
drill more holes than designed in the plan, the direction of 
the rest of the holes has been changed in the drilling plan so 
that the holes are positioned more evenly in the area of the 
remaining rock Without great distances betWeen any tWo 
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holes. The drilling plan Was changed When the measuring 
device 11 had measured the shape of the last hole 13c and 
its position in the rock. In practice, the drilling plan does not 
have to be changed due to small deviations if the rest of the 
holes remain in place accurately enough. Alternatively, it 
Would have been possible to keep the holes 12d to 12f in 
their old places according to the plan, and an extra hole 
denoted by a dot-and-dash line 12‘ could have been added 
betWeen the drilled hole 13c and the planned hole 12d. 
Further, the data about the deviation of the holes can also be 
used to optimiZe the charging plan, for example by adjusting 
the density of charge in relation to the actual distances 
betWeen the holes. Therefore, the amount of blasting agent 
required for different holes and even the placement of 
speci?c charges can be calculated separately on the basis of 
the shapes of the measured holes and/or the position of the 
hole ends. 

HoWever, by measuring changes in the direction of the 
hole or the curvature of the hole along its length, it is also 
possible to predict to some extent the curvature and direction 
of the next holes and to take it into account in determining 
a neW location for the holes in the drilling plan. 

FIGS. 4a and 4b, in turn, shoW schematically hoW the 
rock drilling apparatus and the inertia measuring device can 
be placed at the beginning of a hole. In this arrangement 
knoWn per se in rock bolting apparatuses, the feeding beam 
and correspondingly the control means 9 of the feed hose 7 
are connected to the same frame 14, Which is in turn 
connected to be turned around a longitudinal axis 15 of the 
feeding beam 3 by a separate actuator 16. When the actuator 
has turned the feeding beam 3 counter-clockwise as shoWn 
in FIG. 4a, the drill rod and the drill bit of the rock drilling 
apparatus are positioned at the hole to be drilled. 
Correspondingly, When the actuator turns the feeding beam 
and the control means clockWise, the control means and thus 
the end of the feed hose are positioned at the beginning of 
the hole. As shoWn in FIG. 4b, the feed hose of the 
measuring device can be positioned at a drilled hole in 
several manners knoWn per se, but this arrangement is rather 
simple and easy to implement. 

The invention is described above by Way of an example 
shoWn in the draWings, and it is not restricted thereto in any 
Way. The invention can be applied in both vertical and 
horiZontal rock drilling and also upWards and doWnWards. In 
order for a measurement to be carried out substantially at a 
constant speed, and the location of the measurement points 
to be determined accurately in the longitudinal direction of 
a hole, it is necessary to use a pushing device, such as a 
rather stiff and still ?exible feed hose or the like, comprising 
at its end the measuring device. The measuring device can 
thus be pushed to the end of the hole reliably and the 
measurement results can be used for determining both the 
shape of the drilled holes and the location of the hole end, 
as Well as for changing the drilling plan, if required. It is 
essential that measurement takes place automatically When 
ever needed, and that the measurement results are trans 
ferred to the control unit, such as a computer, comprised in 
the control means of the rock drilling apparatus to be used 
directly, so that the drilling plan is changed before the 
drilling on the basis of the measurement results. 
What is claimed is: 
1. Amethod for controlling rock drilling, in Which method 

holes are drilled in rock according to a predetermined 
drilling plan, Which determines the length and position of 
each hole With respect to the other holes in the rock to be 
drilled in a three-dimensional coordinate system, including 
measuring at least the actual location of the end of at least 
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6 
predetermined drill holes in the rock by inserting or loWer 
ing into the drill hole a measuring device, Which indicates its 
current location With respect to the rock in the three 
dimensional coordinate system, calculating the deviation of 
the end of the measured hole from the location of the end 
determined in the drilling plan, and changing the drilling 
plan according to the calculated deviation. 

2. Amethod according to claim 1, Wherein the position of 
the non-drilled holes in the drilling plan is changed before 
the drilling. 

3. A method according to claim 1, Wherein a required 
number of neW holes are added to the drilling plan. 

4. A method according to claim 1, Wherein each drilled 
hole is measured, and the drilling plan is changed after the 
measurement of each hole, if required. 

5. A method according to claim 1, Wherein the deviation 
of a hole is measured at predetermined intervals along the 
entire length of the hole. 

6. A method according to claim 1, Wherein the deviation 
of a hole is measured substantially continuously. 

7. A method according to claim 1, Wherein the measure 
ment is carried out substantially immediately after the hole 
has been drilled. 

8. A method according to claim 7, Wherein a measuring 
device is inserted into the drill hole and pulled out of it by 
means of a ?exible elongated pushing device, preferably a 
hose. 

9. A method according to claim 1, Wherein the measure 
ment is carried out during the drilling. 

10. Amethod according to claim 1, Wherein the measuring 
device is arranged to be in continuous contact With the 
control means of the rock drilling apparatus, and that the 
measurement values of the device are transferred substan 
tially continuously to the control means of the rock drilling 
apparatus during the measurement. 

11. A method according to claim 1, Wherein the measure 
ment values of the measuring device are stored in a memory 
of the device during the measurement and transferred to the 
control means of the rock drilling apparatus after the mea 
suring device has been pulled out of the hole. 

12. Amethod according to claim 1, Wherein the measuring 
device is an inertia measuring device. 

13. A method according to claim 1, Wherein the amount 
and position of the blasting agent used in blasting is deter 
mined for each hole on the basis of the measurement of the 
holes. 

14. A rock drilling apparatus for drilling holes in rock 
according to a predetermined drilling plan, the apparatus 
comprising drilling means for drilling holes in rock, and 
control means for positioning the drilling means at each hole 
to be drilled and correspondingly for drilling a hole auto 
matically according to said drilling plan, Wherein it com 
prises a measuring device that can be inserted or loWered 
into a drill hole, and feeding means for inserting or loWering 
the measuring device into the drill hole and for pulling it out 
of the hole, and transferring means for transferring the 
measurement values measured by the measuring device to 
the control means. 

15. A rock drilling apparatus according to claim 14, 
Wherein the means for feeding the measuring device into the 
drill hole comprise an elongated ?exible device at the 
beginning of Which the measuring device is positioned, a 
reel for storing the ?exible device, feeding means for 
inserting the ?exible device into the drill hole, and position 
ing means for positioning the drilling means and the ?exible 
device for drilling and correspondingly for measurement at 
the drill hole. 
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16. A rock drilling apparatus according to claim 15, 
wherein the ?exible device is a hose. 

17. A rock drilling apparatus according to claim 16, 
Wherein the transferring means for transferring the measure 
ment values comprise a cable Which is passed inside the hose 
and With Which the measuring device is connected to the 
control means. 

8 
18. A rock drilling apparatus according to claim 14, 

Wherein it comprises transferring means for transferring the 
memory data stored in the memory of the measuring device 
to the control means Wirelessly. 

19. A rock drilling apparatus according to claim 14, 
Wherein the measuring device is an inertia measuring device. 

* * * * * 


